An evaluation of myeloperoxidase-mediated bio-activation of NSAIDs in promyelocytic leukemia (HL-60) cells for potential cytotoxic selectivity.
Several lines of evidence have pointed towards the potential therapeutic benefit of NSAIDs in cancer therapy. In this study, we have investigated the acute bio-activation of NSAIDs and their metabolites via myeloperoxidase (MPO), a highly-expressed peroxidase enzyme in acute myeloid leukemia. As bio-activation involves the formation of reactive metabolites, we hypothesized that NSAIDs which produced reactive metabolites would be correlated with leukemia cell toxicity. We tested the enzymatic peroxidation of three NSAIDs, namely diclofenac, indomethacin, and naproxen in comparison with their hepatic metabolites, 4'- hydroxydiclofenac (4'-OHD), 5-hydroxydiclofenac (5-OHD), O-desmethyl-N-deschlorobenzoylindomethacin (DMBI), O-desmethylindomethacin (DMI) and O-desmethylnaproxen (ODN). Firstly, we used purified peroxidases in kinetic UV-vis kinetic spectrophotometry, and electron paramagnetic resonance (EPR) experiments to determine oxidation of ascorbic acid and glutathione (GSH), respectively. We then used HL-60 cells, as a model of acute myelogenous leukemia to carry out trypan blue exclusion, cellular ATP analysis, mitochondrial membrane potential (MMP) and cytofluorometric GSH assays. Our results present evidence that diclofenac, 4'-OHD, 5-OHD, DMBI and DMI demonstrated significant cytotoxic effect in the leukemic cells through oxidation by intracellular MPO. In the same vein, only diclofenac and its two metabolites caused a significant drop in the MMP and cellular ATP level; however, the cell death induced by indomethacin metabolites reflected a subtle effect on MMP or GSH content. Interestingly, only diclofenac and 4'-OHD (and not 5- OHD) caused a significant drop in HL-60 cells' GSH content. Among diclofenac compounds, only 4'-OHD also generated GS radical and caused a significant increase in ascorbate co-oxidation rate. Lastly, even though ODN also generated GS radical and potently cooxidized ascorbate, it showed no significant cytotoxicity. These results provide evidence of a correlation between acute cytotoxicity and MPO-bioactivated NSAIDs, though this was not correlated for all compounds (e.g., ODN). Further studies are required to determine both the MPO-dependent and MPO-independent mechanisms of cytotoxicity.